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Most metals and metalloids, hereafter ‘metals’, occur 
naturally in the biogeochemical cycle, but others, which 
are released into ecosystems only as industrial, mining, 
agricultural and domestic effluents, are toxic to aquatic 
organisms even at low concentrations, e.g. cadmium, lead 
and mercury (Dallas and Day 2004). Freshwater organisms 
absorb contaminants from sediment, water and food 
(Chen et al. 2000; Warren and Haack 2001) and incorpo-
rate them into aquatic food webs, concentrating them up 
the food chain and posing a toxicity risk to apex predators 
(Adams et al. 2000). Studies on the concentration of metals 
in muscle tissue of Oreochromis mossambicus (Peters, 
1852) (Addo-Bediako et al. 2014a), Schilbe interme-
dius Rüppell, 1832 (Addo-Bediako et al. 2014b; Marr et 
al. 2015), Labeo rosae Steindachner, 1894 (Jooste et al. 
2014; Lebepe et al. 2016) and Clarias gariepinus (Burchell, 
1882) (Jooste et al. 2015; Marr et al. 2015) reported that 
consuming these fish from impoundments within the middle 
reaches of the Olifants River may pose a health risk to 
humans. In contrast, little is known about the concentra-
tion of contaminants in the muscle tissue of Synodontis 
zambezensis Peters, 1852, as this species has largely been 
ignored, because of its small size and perceptions that it is 
a nuisance to anglers and is not consumed by subsistence 
fishers. However, a recent study on the Phongolo River 
floodplain showed that an average of 3.15 S. zambezensis 
was consumed weekly by artisanal fishers and their families 
(Coetzee et al. 2015). 
Acidification and pollution from mining, industrial, agricul-
tural and domestic sources have systemically impaired the 
Olifants River, Limpopo River System, making it one of the 
most polluted river systems in South Africa (Heath et al. 
2010; Ashton and Dabrowski 2011). Situated in the middle 
catchment of the Olifants River, Flag Boshielo Dam (24°46′ 
S, 29°25′ E), is a popular venue for both recreational and 
subsistence anglers (Dabrowski et al. 2013; Tapela et al. 
2015). Currently, the dam is earmarked for the develop-
ment and implementation of a small-scale fishery (Britz et 
al. 2015; Tapela et al. 2015; Sara et al. 2017). Overfishing 
and prolonged droughts could result in less desirable fish 
species dominating its fish assemblages and catches, 
a phenomenon reported from the Zambezi River and its 
tributaries, where smaller fish species, such as Synodontis 
spp., are now being targeted (Tweddle et al. 2015). A 
desktop study was conducted to evaluate the potential 
risk to human health posed by the consumption of metal-
contaminated S. zambezensis from Flag Boshielo Dam.
Fish were collected at Flag Boshielo Dam using gill 
nets set overnight every second month from January to 
November 2013. Ethical approval for the project and of 
the methods employed was granted by the University of 
Pretoria, Animal Use and Care Committee (Ref: T001–12). 
Fish were sacrificed by severing the spinal cord and a 5 g 
skinless sample of muscle tissue was collected, frozen on 
site and stored at –80 °C prior to analysis at the ISO/IEC 
17025:2005 accredited laboratory in Stellenbosch. Muscle 
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tissue samples were prepared for analysis according to the 
methods of Bervoets and Blust (2003) and were analysed 
for aluminium (Al), arsenic (As), barium (Ba), boron (B), 
cadmium (Cd), chrome (Cr), cobalt (Co), copper (Cu), 
lead (Pb), manganese (Mn), mercury (Hg), molybdenum 
(Mo), nickel (Ni), selenium (Se), silver (Ag), strontium 
(Sr), vanadium (V) and zinc (Zn) using inductively coupled 
plasma optical emission spectrometry (Thermo ICap 6500) 
and inductively coupled plasma mass spectrometry (Agilent 
ICP MS 7500cx). All samples were analysed in batches 
with blanks. 
Analytical accuracy was determined using certified 
standards (TORT–2 Lobster Heptopancreas CRM from 
Industrial Analytical and De Bruyn Spectroscopic Solutions 
500MUL20–50 STD2). Recoveries were within 10% of 
the certified values. In addition, the average fillet mass, 
expressed as a percentage of total mass and moisture 
content were determined in the field. Full descriptions of the 
procedures for collecting specimens, muscle tissue analysis 
for metal content, assessment of average daily dose (ADD) 
and calculation of the hazard quotient (HQ), are described 
in Addo-Bediako et al. (2014a, 2014b), Jooste et al. (2014, 
2015) and Marr et al. (2015).
Using these data, a desktop human health risk assess-
ment was carried out using the US Environmental 
Protection Agency (US-EPA 2000) method, as revised 
for South Africa by Heath et al. (2004). The risk of 
chronic non-cancer health effects from oral exposure 
was calculated using the Average Daily Dose (ADD) and 
expressed in mg kg−1 body mass per day as: 
where average metal concentration is in mg kg−1, mass of 
meal portion in kg, adult body mass in kg and the number of 
days being the period between fish meals. 
Risk assessments evaluating non-carcinogenic toxic 
effects of contaminants use Reference Doses (RfD) as 
thresholds above which adverse health impacts to humans 
could be expected (US-EPA 2013). A Hazard Quotient 
(HQ) was calculated to estimate the risk to human health 
(US-EPA 2000) as:
ADD =  (average metal concentration in fish muscle (fw)) × (mass of portion)
(adult body mass) × (no. of days between fish meals)  
HQ =  ADD
RfD
 
A HQ of >1 suggests a high likelihood of adverse long-term 
health effects. 
In the current study, to reflect the consumption rate 
determined by Coetzee et al. (2015), it was assumed that 
once a week a 70 kg adult (Heath et al. 2004) consumed 
a 67 g muscle tissue portion, based on the average fillet 
mass for 3.2 S. zambezensis. Reference Dose levels 
published by the US-EPA Integrated Risk Information 
System (IRIS) were used (US-EPA 2013) (Table 1). 
Boxplots were generated using R 3.2.1 statistical software 
(R Development Core Team, 2016).
A total of 63 S. zambezensis were sampled and their 
muscle tissue analysed for selected metals. The average 
fillet mass constituted 8% of the total body mass of S. 
zambezensis and contained approximately 80% moisture. 
Metal concentrations in the muscle tissue of S. zambezensis 
varied considerably (Supplementary Table S1). Based on 
the average metal concentrations in muscle tissue, the HQ 
for S. zambezensis exceeded the recommended value of 1 
for As, Cd, Co, Hg, Pb and Se (Table 1). The recommended 
HQ was exceeded for As, Co, Pb and Hg in all samples, for 
Se in 98% of the samples and for Cd in 92% of the samples 
(Figure 1). The HQ values ranged from 2.2 to 8.5 for As, 0.2 
to 33.4 for Cd, 4.2 to 21.3 for Co, 1.2 to 62.4 for Pb, 4.0 to 
24.5 for Hg and 1.0 to 2.2 for Se.
Year-on-year, the pollution levels in the Olifants River 
are increasing and could result in increased risks to human 
health from the consumption of metal-contaminated fish 
(Marr et al. 2015). Considering the current drive to develop 
small-scale fisheries at Flag Boshielo Dam and the need 
for cheap sources of protein for rural populations, fishing 
pressure on larger, more desirable species, such as O. 
mossambicus and C. gariepinus, is expected to increase, 
resulting in the depletion of the stocks of these species. As 
a consequence, fisheries are likely to shift towards targeting 
smaller-sized fishes (see Pauly et al. 2000; Pauly and 
Palomares 2005; Tweddle et al. 2015). 
In Flag Boshielo Dam, the HQ for As, Cd, Hg, Pb and Se 
in S. zambezensis all exceeded those reported for 150 g 
meal portions of O. mossambicus, S. intermedius, L. rosae 
and C. gariepinus (Addo-Bediako et al. 2014a, 2014b; 
Jooste et al. 2014; Marr et al. 2015). The higher HQ values 
for these metals may result from S. zambezensis being 
exclusively demersal, feeding on benthic organisms, in turn 
increasing the species’ risk of exposure to metals in the 
sediment (Gaigher 1973; Skelton 2001).
The current study suggests that long-term consumption 
of S. zambezensis from Flag Boshielo Dam could pose a 
serious risk to human health, especially to children and/or 
infants, as the HQ values will be two- to four-fold higher, 
respectively, than those calculated for adults. The potential 
health impacts common from exposure to As, Cd, Co and 
Hg include systemic, reproductive and developmental 
defects, cancer and, in severe instances, death, with 
unborn and young children being the most susceptible to 
Hg toxicity. In addition, the developing nervous, haemato-
logical, renal and cardiovascular systems are highly vulner-
able to Pb poisoning, whereas a high intake of Se over long 
periods can result in the loss of feeling and control in limbs 
(Table 2). Given the health risk associated with consuming 
S. zambezensis from Flag Boshielo Dam, a more compre-
hensive survey should be initiated to investigate the extent 
to which this species is being consumed by communities 
neighbouring the impoundment.
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Metal species Al As Ba B Cd Cr Co Cu Pb Mn Hg Mo Ni Se Ag Sr V Zn
Mean metal concentration 
(mg kg−1 fw)
724.0 8.7 22.1 110.8 33.7 1.8 32.0 104.0 8.6 47.4 11.1 24.3 24.2 54.5 14.3 32.3 19.0 549.5
Average daily dose  
(µg kg−1)
98.3 1.2 3.0 15.1 4.6 0.2 4.4 14.1 1.2 6.4 1.5 3.3 3.3 7.4 1.9 4.4 2.6 74.6
Reference dose (µg kg−1) 1 000.0 0.3 200.0 200.0 0.5 3.0 0.4 40.0 0.1 140.0 0.3 5.0 20.0 5.0 5.0 600.0 5.0 300.0
Hazard Quotient (HQ) 0.1 3.9 0.0 0.1 9.2 0.1 10.9 0.4 20.5 0.0 5.0 0.7 0.2 1.5 0.4 0.0 0.5 0.2
Table 1: Hazard Quotients (HQ) for Synodontis zambezensis (n = 63) from Flag Boshielo Dam in 2013 based on average metal content in muscle 
tissue, assuming ingestion of a weekly portion of 67 g of fish fillet. Shaded values indicate recommended HQ value of 1 has been exceeded



















Figure 1: Boxplots of Hazard Quotient (HQ) calculated for metal and metalloids in Synodontis zambezensis from Flag Boshielo Dam in 2013. 
Broken line indicates an HQ of 1, above which long-term health impairment is possible
Metal 
species Impact on human health Reference
As
Excessive intake of arsenic could result in systemic, immunological, lymphoreticular, 
reproductive and developmental defects, cancer and death.
ATSDR (2007a)
Cd
Chronic exposure of cadmium could result in skeletal defects (osteoporosis, increased bone 




International Agency for Research on Cancer (IARC) classified cobalt and cobalt compounds as 
possibly being carcinogenic to humans. Exposure to cobalt may result in severe effects on the 
cardiovascular system, including cardiomyopathy and death, as well as gastrointestinal effects 




Mercury ingestion could result in renal and cardiovascular failure, neurological disorders, 
immune and reproductive toxicity, cancer and death. Unborn and young children are most 
susceptible to Hg poisoning; Minamata disease
ATSDR (1999)
Pb
Developing nervous, haematological, renal and cardiovascular systems are most sensitive to 
lead toxicity. Lead can potentially affect any system or organ in the body. Its haematological 




Most selenium entering the human body is excreted, usually within 24 hours. However, 
prolonged high intake can result in brittle hair, deformed nails and, in extreme cases, loss of 
feeling and control in the limbs
ATSDR (2003)
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